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Abstract of JP 2003115768 (A) 
PROBLEM TO BE SOLVED: To provide a parity 
check matrix connected to an LDPC code having the 
encoding complexity of a linear time. SOLUTION: 
This data low density parity check (LDPC) encoding 
method comprises a step for defining a first N 
parity check matrix, a step for generating a second 
parity check matrix having M* M triangle part matrix 
based on the first parity check matrix, and a step for 
mapping the data to the LDPC code word based on 
the second parity check matrix. This method is made 
valid especially for a data communication 
application, and also may be used for another 
application such as a data storage. 
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o m^-mt lt\ tT^j s> x * u- 7- t £ o r flttfts n« 
T-wttSfTwea^i/^Tra y tr$m 1 5 o*£$ 

7£o ><y-r>rtftSEfT9Jli, 3-F-^7^170 
tc T fr#l v : x * U - 7 E «t o T 5 ft 5 0 ^ > 
t^l/- Vy;^- 1 2 0S, 7*W 3- Kft^ftfe^ v tf 
77T«C?a^T, 7* "n 7 7^1 5 O^ftSfS^V 
#;I/©3>XfI/-ya yftO^y^l/O-^-try b?r 
ii#?-fSo ^T^/b • TyM- 1 2 OWu 7Wa- F 
ft£ ttfcW ^>7li£ttot, g i ©77b- 7 1 3 

S?«nft"»*;V5 otf, ffl{i7-v*;b2 o^/rbTg 
MfcfciMsns. ^SJ#gl 0 oti, ->7F • u/77 

$ fe ttjgiwr s mmmrnt «t o t^mt 5 c t ^ t * 

£ 0 ^f»SK 10*, C 1 ) />- F7-<^- F ■ uVv 
7 (IS^M) tC^^T, (2) 37^-^ • 7o7* 
n-F§Hl^r7°a7"7A^ft?c)J ; lf!!7°P42-y^ 
/HfflrV iSZMm^v* -y -9-lc i^T, I ftfct 
(3) /\— FV-Y^-F • DS^'y^fcPVtfa — 5f ■ 7" 

[0 0 2 6] H3*#fS-T5i:, HZtuMLTffik:** 
ffl»T«LfdSft£ltti 0©IIfiTB, 5>f Uf§ 1 
oojb^&ft^n, x>3-$ri i oav fi«4 0^e> 

SfiLfefiWIlf'y b 3 0<Dt<T%fimt LT, 7"o-y 
7^ 1 5 0 Sijt'Tfto >-V*;l' • «y/^— 1 2 0 

7'W3-F{t^ftfcV'y 7 
P77^l 5 0l;:&#1- ^y^onyxxb-v- 
g^rtOi/^^s&SR-rS. 51^Sftft>-y*;b5 0 
^\ ja£f-**/l/2 0^LT'S«tfi(a?ft?.c 
[0 0 2 7114 *#BSTS t , *^©Sf S ll^I 

U-7 3 l OteSEStStlfeffJiDeaP^'y^a 0 0^# 
$ft« 0 m5%m$t%t, Xf77'3 5 0?, fjjft 

fWj^Ka/y 7 3 0 0*\ Ai]©3- F • 
-?17 0 KS^JV^r lOMXN^'J r-T ttSEfffll 3 
2 0^rS«-f§o 7,f773 6 0T% HftffJUS^i^U 
-7 3 1 0#, »l©ff5>JKiS^^rig2©ff3»J*ifeja 

Xf77"3 7 0t,. W2 0ff5U*^ fjfij/x 
^.U— 7 1 6 0^^x73-7" 1 1 0 x 
73-7" 1 1 0^<D-T~~$Aj]i3\ % 2 Off 71JKS73V 

t l d p c WHiSifc v v tf y^n§ 0 S L 

OiitO 2 0©¥ffi«r, H 6 to .fctf B 7 Efl LTCft* 

[0 0 2 8] 06*#M1^t, *5PJ3©*t?3;U^lffi 
fl^K^tt, ■ff5>J^Cx 3 0<D7sf7 7", l, 2, *5<fe 



(7) 
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3— KtcBBf S/<Uf-^tt2Eff5ll (parity-check matri 
ces for array codes) (DSit^ot^itS, Xf 
> >7'2tt, _hH^!#tj§ (upper-triangular structure) 
£ fctbi^mi H J&a^WKUEiE'r 5 =ft ft (tr 
iangularization) Xr7 7°1?$>5o Xt *y 7°3 

[0 0 2 9] <7,Tvf\ :\i<Oim. (Definition of 
H) >71/-(' 3- FJSO LDPC^'Jf ^ fcgfrJiJH 
tt, 3Oc0^7^-£t%t>%, itffpi: 2OC0gt& 
k, j (k, J £p) K±oT£fc**l5o frJUHtt* 

C»2] 

I I 

„ 2 ^ fc-1 



H = 



a 



a 



a 



a 



a 

2<k 1) 



I a 



a 



a 



ChtXk-l) 



£ c T?, I ti, p x p #.fitfT#]"?* 0, a t±, ~> y 
• U7h- (£ fetich) • +f-T^U ■ *s7 

[«3] 



o o 

0 0 

1 0 
0 1 
0 0 



0 I 

0 0 

0 0 

0 0 

1 Oj 



10 



20 



30 



7U- (4tM" ^/U&LOWil) T»fc<5. W^&**& 
5Jf. lttoftBfc:*-^-^y7-f 3 l fcWtSffti 

[0 0 3 0] HfcJu ^igfiN=kp^/^;x^^ait 
M=j p J&^-T S L D P C Wr^©SWO/<U T ^ ^Sf? 

j»j**r. n^mm' «n) sfc^ox-Y^Mfc 

M* «M) Jg3rf*LDPCi3^H\ HtO«© (N 40 

— n* ) nts^zfy^ff) (m— m' ) n%mmt%zt 

» X r ^ 7 2 & £ tf 3 H O f 0 ^ ffl £ n 5 o 
[0 0 3 1 ] <Xfy^2 : H©=ftft (Triangulariz 
at ion of H) >Hft\ 7*a7?fr?1)IS 
H = [Hi I Hi] 

T^StU HiA\ ^7Cj px j p^WU H 2 jb\ ^7t 
j px (k-j) p*#r*fe©i:-r*. Utf, Hi© 

(main diagonal) ±0*S?** 1 fcBSSU 50 
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oT Hi frSff £>ti3 j p x j P ©±=ftfr5iJT*i6*ti 
tOiiTSo j p x k pcr>fT?iJ 

Hy = [U I H 2 ] 

fc J: -d T, ?»#HT?^{fc L D P C ft#0/ < U 
[0 0 3 2] frJUHtf, #l«tcJ;^T4-9--r^;V*<*^ 

[0 0 3 3] <Xr"y73 : 4+r^^;KOHi (Elimin 
ation of 4-cycles) >A = H» • H« T "E?&£ 

a.,. , m=l, j pJt^oTx frm©/^ >^J1 

m, n-1, j p, m*ntioT v ^Uf-^t^S 
5ft5. 4tM£;l/ftLT'&, a..,, 5 

1 = 

[0 0 3 4] LfctfoT, ^0x^SR*W4^-<7 
;U • yv-r*&%£t%UM.t&rcibKiZ* (a) A = 
Hs * Hu T ©TH$S5# (lower-triangular part) £rgf 
1U (b) a... >K (m, n=l, •-, j p ; m 
Ht©^ (n, m) mmc0%-ky \- 



<n) 

[0 0 3 5] ^HitioT, *f"y:/3 ©fifth: 

j p, te=tmtlS7*n>y ^SK= (k-j) p&fi"f 
§ 0 f-;!/ ^ H u *ffiffl-r 5 c t K J: S ttJ^flFH«F^t O 

[0 0 3 6] «i*«*^fktt, WF^O*filff5«J*H-* 
t Z L £ x ^ U t >C tftSEff ?" f J f-^ ^* H . ^ S ilS 
fcji^^n^c LDPCIf§Ml7*o-yyil^ 
T\ N^7°^ (N-tuple) O^Mx 1 ©fl^ h 

TLDPC8re»fcfc5. £0-^^ ^;^x^i s *<OJg? 

C«4] 



r = 



££T% j pX lCD-^^H/Up^ KF^ExO^lIf^ 
g[5yj\ ( k - j ) pxiio^h/h^ t^M x ©ffl 

wwaRSJ'sa-r. p^ j pfso^ur-Y • if -v 



13 



P. 
s 



u f-;u^Hi cD±~n& a&timt § cfcti 

[ft 6] 



Sail* 



5 = 



J 2. 
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*£ilT\ ®2©iS*x pi.-*J;tfsi.-tt, fJHIa© 

m < * 6 ft ^ * 5 £ nr as $ n t to t* s s . Kurt 

[0 0 3 7] IfefjbT, ±©^ffc©il^ /^'JfY 
tftSfr?'J?-;I/* f Hi ©=£U$*iI (triangular structur 
e) (sparsity) MilTV^ 0 

10 [ft 8] 

2 L v ./y 



#=1 



£-1 



C £"C\ pi = {pi.n ;n=l, 2, p} , 1 = 
1, 2, JT?ftt>, si- Is,,, ; n=l. 2, 

p} , 1 = 1, 2, •», k-jTS§c T*i:» p 20 

i v - s i fco^rfltefi*. 

[ft7] 



30 



[0 0 3 8] H 7 f 5 t , [II 6 ic K L TBEfcSW! 
[0 0 3 9] <*fV7*r : H S C0^S (Definition 

of H s ) >fT?ijH s ^, 7n7^fWT rnmon 

#^ D «y ^ -frOlM ^ 'J >y ^ • v"7 h ©*tt, H* <D 
W^<Oi pxj pfflUDtfT* • rny^fc, *©*W§«fc 

[ft 9] 



w = 



I 

a"" 1 



1 
I 



[0 0 4 0] <XT'y7°2' : H* £>=;J%{L (Triangula 
rization of H S ) >fT#lH s a:, j px j pfjlO 



I 



a 3 *' 5 a 



I 



I 



I 

a* 2 



So 

[ft 10] 
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I 


1 


I 


I 


I 


T 
I 




0 


I 


a 


... a^ 2 








0 


o 


I 


... a 2Cj " 3) 




a 2(k-3) 




o 


o 




O I 


a j ~ 3 - 







[0 0 4 1 ] H» S tj;oTgimLDPC??^ 

j p, feJttflf 
S/Cv H 

L s Hi; cfc 



^T'/E«^n^ ldp cffiHtia, iMRtra 

[0 0 4 2] RFfffifSN' «N) 
«M* «M) J&^-rSLDPC^ti> 
(N — N' ) W*<fctfTfcJM> (M— M' ) 

[0043] wmtz^mm, mei'-m 

[Kl l] 

|K/+3)+(/-3)] 

lei « X 0 R il^^gT'fe 5 C i: J&jSI" C ktfi"l* f 5 = 

[0044] mG&xTjiizmLT&mmm-z-mcmm 

H^tf^'J^IC^ §o rConparison of constructions of 
irregular Gal lager codes CD. J. C. MacK 

ay) „ >>-f;l/V> (S. T. Wilson) &<£tB^-f (K. 
C. Davey) rtHf/IEEE Trans, on Communications, Vo 
1. 47, No. 10, pp. 1449-1454/ 1 9 9 9^1 Ofl) J 
£:, "Efficient encoding of low-density parity-che 
ck codes/ D-^-V — YVy (R. Richardson) feiO^ 
^/^y^ (R. L, Urbanke) ±ts§/IEEE Trans, on Info 
rraation Theory, Vol. 47., No. 2, pp. 638-656/ 2 0 0 

[SfCl 2] 



C Z> 



((/ D, E , i3j;tfT(iaSft^7U©fT5>JT?a&!5> T 



10 



20 



[0 0 4 5] fc X. tf, 0 6 IZffl hX *WW»trWfc a')?. 
[»1 3] 



^3 ^4 



t p x t p <D'<m-v& <o, s& t s j r*fc k> , 

t px t p±Hftfi : 5ijT**sfe©i: , r«o 

[0 0 4 6] j p X k p (Off 91 
30 [Si 4] 



fiyiiO fComparison of construct ions of irregular Ga 
40 llager codes (v-y^-f (D. J. C. MacKay) , ^ 4 )V 
Vy (S. T. Wilson) teXXf?^ (M. C. Davey) & 
If/IEEE Trans, on Communications, Vol. 47, No. 1 
0, pp. 1449-1454/ 1 999^1 OH) J TEffici 
ent encoding of low-density parity-check codes (U 
f-^-FV> (R. Richardson) frWr (R. 

L. Urbanke) SH/IEEE Trans, on Information Theor 
y, Vol. 47., No. 2, pp. 638-656/ 2 0 0 1^2f3) .] 
£±5 HSSfct^ffctf Rj&fc LDPC / fJf^fe 
3fiW£8£ft§o *©ft, Xr-y 7°3£C©}3U£H 
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[0 0 4 7] m^mc. Xr>y7l ©frMH* % fr^ft 

a»Ol*3£<Oli*^Hr § c i: T* * * . 
[0 0 4 8] Wfc^Lfci^K:, ia7tHLT*B»* 
?8ffcffilB L fc^ts (5 BSfc J&<0>* l)fV ^SfT?y 

*&<&©tcffijrr EKDgwofcfctc 

S* tf^JH 5 <0 t - 1 fS<DTfil7 D -y ^fT*feK-9-f 7 

T«. rftt>"6, StWo-yffftf, t-HuB/c 
W">7b?n, &fc_h©7"P>y7?T*)\ t-2fettf£tf 10 
S^FSftS. * 7^7*2' § v W^fcL 

T^6*xftff9>JofeTot P x t p»#fT*tJ£W-te»B 

#\ S^H^R?ijTfeD, 4 tf-f TCompar 
ison of constructions of irregular Gal lager codes 

(Wjr-f (D. J. C. MacKay) » -)-f;VV> (S. T. W 
ilson) , feitf^-r CM. C. Davey) £-#/IEEE Tra 
ns. on Communications, Vol. 47, No. 10, pp. 1449-14 
54X 1 9 9 9-£p 1 0/3) J TEfficient encoding o 
f low-dens i ty parity-check codes ( U ^ -V — F V > 20 

(R. Richardson) fe^tf^/WS^ (R. L. Urbanke) 
££g/IEEE Trans, on Information Theory, Vol. 47., 
No. 2, pp. 638-656/2 0 0 1 ^2H) J fc^^KaL 

[0 0 4 9] ^te^, Xx-y7°2' OfctJfcfiBfl'&fT 

ov < 'J r -r )*3SR<!D«H£©«*jfcj*t act **T? * £ 0 

[0 0 5 0] *5gHJ!iDV^< ;<ijf 

1 0 fiO»»©P8e, fJ5»J£«n 5>«y * 3 0 0 «fc 30 

+ 2 0©*SjSffl?W*fSftfc#7CfcS-3^T, j^tt 
BfrfcfrJUJfcttP y 7 3 0 0 K H -3 T fMT 5 £ fc T 

5>^{§ggl O'MDP-F ■ 1 7 O^TOei 

liP^-y ^3 0 0 P'iT-VffifK^T'SC 40 

fe < ttf«tuKS$nrc/^jX'C^s^ (fas) *^-r 

M^iw t ft a •? tam^ v *;v 2 0 otHi&mtDwmz 
[oo5i] *^0j4to»s L^nmm%, cnst?fi 

cD^d^v-XrA^OiilltfflijK^tt^l^ fcfcAfcf* 50 
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• 7. F U— • ^^ftifOX h U— • 
I2ifT^7 ; -^ielt^Xr^2 1 OT'figffl'tSCfcfel* 

[0052] &mmwT*mKmmLrcfflmw\ 0, x 

yn— #1 1 0, fe^^lT^J^x^W ^ 1 6 OcD^fl 
^n§, (1) /v-F7-r"^-F • P:7'y7tC<fcoT, 
(2) P>fc:°;i-7 • 7°P7*7A • 3-F£fi3VT7°P 
^7AS ftfciflffl 7°p -te -y ^/#fflrV 2 >Ws^7°p 
t7tia?T> (3) / v— F 7-^ -V— F • P *J 

•y^nyifa-? • 7°n7*^A • 3- F 

H9 ^#3Sf§ iwEH 2 (cHLTIKBBL&r-^ia 
ffyx^A^s MfiSHl 0fc % ^t'J 4 l 0KMISS 
ttfc7°P?'7-?7> ■ xV/^/Hi^^p-b-y-y- CD S 
P) 4 0 0*S»$CfctfTS, 4 1 Oicayif 

a-^ • 7W9A • P-F4 2 O^IBH^n, =iyb° 
a — ^ • 7°P7"^A • 3— F4 2 0*\ DSP4O0E 

OXry yftSKfrf 5 * 5CDSP 4 0 0 *««"r 
[0 0 5 3] *Baffl»T?if *LV>*«Ji?«lfclHlxr*» 

T? * 5 c SKW?r * tfe5?o 
[0 0 5 4] StfeilLT, *«WO»/«lcS[LTWT 

[0 0 5 5] CO f*-^©(g«^Uf--f«ttE CLD 
PC) f?l^{t«7jr£T?£)oT, IlOMxN^'jfyt 
Sff ?'J^SS-r 5 Xf -y 7° i: , iu1B!£ lO^'Jf-c 

l|2 0^'Jr^ l&MT^i^ttSc-f ^Xf'y'/t MSB 

2 ©/ si; f - -r m k m-3^T , isbSx- ?*ld 

C 2 ) flutes 2 o/<U r -T ttSEfrJUfrS 4 

*-r«x-f'y^*«&t^«Jx ±ie co t=2m©75 

c 3 ) ittte^ i ojf-f ®mm\ <oms%m\ Mia 
n i ©AOxY^stT^yoiTW'f' ^ u y 7 • ^7 
#tf. ±ga co icmmoft&o 

C 4 ) MEMxM9S^MT^Jo±Wft»KieoftBiRK:ra 
-«H@*-fe 7bnxr-y 7^#*\ ±IE CO taett 

C5) ^-^©fSSfS^Ur-i'^ CLDPC) |?F#ft 
SBTS^T, ll©MxN/fJfYtl^Mi-r 

ft fr5*J T* $> S M x MgjJ^JiJ S f § SB 2 O/ ^; r 

sfr?u ^^i^-r sfSi:^ MSB^ 2 ©/ * '; r -r m&mi 

icm^X, MISx-^^L D P CffiHtSfc^-y ^>7" 
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c 6 ) nam 2 0/ < u r -r ^s^j^^-r § #a*\ 

¥as?6K^tr, ....LIE (5) fciE««SB 0 

c 7 ) mmm 1 <dm y m^mmmt % 

Ft" 5, ±ja (5) fciH«o^a 0 

(8> mmmi <D^v^jmmm%j£mT%¥-m*\ 

*-fe<y bT5, -hIB (5) tclB*^SBo 
(9) 7*-$n0flMBg/*y-r-ffcS (LDPC) ffi^ft 10 

t\ =ftfT?iJ-ea&*MxM»»tf 2 <o/*y 

r -r «a£fr?iJ*^t 5 ^ HE t s tutem 2©H'Jf^ 

Ci 0) iEl2«^'Jr^S»b4W^;^ 

_h3B (9) ^I3«©7 4 d^^A 0 20 
(11) Miami 0^;r*fcStf5#J0J£«#^ 

±fB (9) ^IBitOTW^ 
(1 2) 7 , -*<EHgftS/< , Jf > Vtt4 (LDPC) ffiMf 

ft7'p ^ A^^tt t ft 3 y if n - zmzm. *) mmm 

?|J{CS^^T, MfBx-££L D PC|§11lY7 t°>- 
^ f § ^ 11 t , *Hff 7°n ^ i m« L/iay 

**ss€u nMax-^*fififfi-^U7-^«a (ldp 

C) ^TOc^t-rSx-^SIISBTfeoT, mi 

(DMxN^uf-f ^sit ?y %s»r s #a t , wasm 1 
©/ < y r 4 &Wcm icm-3^r, ^.n m\ tssmxm 
au^ff * m 2 <o/<u f-w ^gfr^j^jKf s # 

£5t, KHE^2 0/<Uf--flteSff3»JfcS^^ Sufa-r' 40 
-MLDPC WF^ffifc ^ >y tf y^*#a t , *£t* 

(14) f-^'Xh b-v • */Vrt<t>1fSfBiBfr 5 
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$g (LDPC) ^fgic^ftt^x-^iBmgfi'e 

Sot mi oMxN^yr^ttSff^ssat^a 

T'^^MX MfHi^fr^J^f i>m2 iD^'Jf-f #tg?T?lJ 
l^T, jfflBr-**L D P C^flE?7 WiTtZ^ 

[Bin fifi^xf-A^yo^ ^eitm&s. 

[EI 2] fflf '>xfAOSi8lO^P >y ^gn?feSo 
[03] -5 1 OOgSfflttBO^n -y ^ 

[a 4 ] aswaaofrw^x* u-*©:t*p -y ^h?* 

[0 5] SMgKOxyn-^atgirMJSTSi^nH^ 

[0 6 ] m\ 'J x * u- * tcMist s mtimr-fo % 0 
[0 7 ] mi ^- * Kftj&f s t ^ i -o^^na 

[0 8] x-^iaUv'Xf-AO/a'y ^70TSS O 
[0 9] Miv-xf-AO^Iiggctd 

i o mB&m 

20 fflllx-^*;v 

3 0 ffige-yh 

40 mm 

5 0 ^>>#;V 
l 0 0 

l i o iya-^ 

l 2 o ->y^;U ■ T'y^- 

130 mi©^/i/-7° 

1 4 0 m2CD^>-7 
15 0 7n -y ^7 * 3— K 

1 6 0 mi-Jx^is— $ 

17 0 3— K ■ — £ 

2 1 0 x-^IBiS^XxA 

300 fi^J/Eiln^y^ 

3 1 0 H^fWlJ^x^b— ^ 

3 2 0 m 1 ©MX N/< ! Jf-f UOEff ?'J 

4 0 0 7d^"^v7> • xV>?£,W#7°n-b:«y-y- 
(D S P) 

4 10 y^^U 

4 2 0 ^yt^-^-yo^Ao-F 



1# m 2 0 0 3 - 1 1 5 7 6 8 



mi i ] 



CH2] 



1W#28[ 
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/ » 




so 

— i-» 









4Q 
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20 



100 



13Q 



140 150 
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170 
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frSU 
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[0 3] 



[0 4] 



^110 150 



. 120 



30 



-170 



10 



50 



160 



30 




320 




150 


1 — * 
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5?at*L— * 
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390 




" ; 

310 
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m 6] 



[07] 
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[08] 




[09] 
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(72)#PM X^y^DX • X#7PX • xWHry> (72)%^ -fe^h • Srt/tf- 

XYX8038 fa-ijyt ^7>J7^a X-fX ->-x-<f— 8804 77 777 
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